The principal yellow pigment in petals of yellow-flowered cyclamen found in the inbred line of diploid cultivar of white-flowered cyclamen was isolated and identified chromatographically and spectrophotometrically as chalcononaringenin-2'-glucoside (isosalipurposide). This mutant clone seems to lack the same recessive enzyme chalcone-flavanone isomerase as the mutant of Callistephus chinensis. The prospects on the breeding for deep yellowcolored cyclamen are discussed.
Introduction
Flower colors of cyclamen have been restricted to red, pink, white, reddish-purple, and purple; therefore, a yellow-or blue-flowered cyclamen has been sought for a long time.
In 1982, the authors found a yellow-flowered individual in an inbred population of a diploid, whiteflowered cyclamen 'Pure White Kage'. We have maintained this line by selfing and intrapopulational-crossing. Although the color of this flower is deep yellow at bud stage, it becomes paler after anthesis ( Fig. 1 ). Anthocyanins and flavonols have been associated with flower pigments of cyclamen (5, 7, 8, 9, 10, 11, 12, 13) , but a yellow pigment has never been reported. It seems, 
Results and Discussion
A two-dimensional TLC-plate of the crude extract disclosed 24 distinct spots (Fig. 2) ; their color properties are shown in Table 1 . Spots 2, 3, 10 and 17 were visible under white light without treatment with any color developing reagents. Spot 2, the major pigment, had color properties when sprayed with three reagents, which suggested that it might be a chalcone (2) . Therefore, further characterization of this spot was done after its purification by successive preparative paper chromatographies.
It was reported that chalcone was isomerized readily to a flavanone by acid treatment (3). Therefore, in this study, three kinds of authentic flavanone, naringenin, hesperetin and dihydro-quercetin were used for co-chromatography.
Upon acid hydrolysis the resulting aglycone was identified as naringenin ( Fig. 3) . Accordingly, spot 2 was deter- mined to be a glycoside of chalcononaringenin.
Moreover, the sugar residue attached was identified as glucose ( Table 2 ), indicating that this compound was a chalcononaringenin glucoside. Rf values-from co-chromatographies, using four solvent systems, and spectral properties of spot 2
were compared with those of chalcononaringenin-2'-glucoside, the presumptive yellow pigment of carnation (3, 14) . As summarized in Table 3 , the Rf values, the maximum absorption wavelength and the bathochromic shift in alkaline solution of spot 2-were basically the same as those of chalcononaringenin-2'-glucoside.
Furthermore, the data on HPLC coincided completely with chalcononaringenin-2'-glucoside (Fig. 4) . Fig. 5 shows the constitution of flavonol aglycones in petals of yellow-and white-flowered cyclamen. Van Bragt (12) reported the eight flavonol glycosides were isolated from cyclamen petals; two of their aglycones were identified as quercetin and kaempferol. In the present experiment, quercetin and/or kaempferol were also detected. Petals of white-flowered cyclamen contained a large amount of flavonols, especially kaempferol which made up over 80% of total flavonols. On the other hand, in petals of yellow-flowered cyclamen, only a trace amount of quercetin could be detected. This finding suggests that the biosynthetic pathway from chalcone to flavanone is blocked in yellow-flowered cyclamen;
i.e., this is a recessive mutant which lacks the chalcone-flavanone isomerase.
In Callistephus chinensis, Khun et al. (6) found that the recessive mutant 'chch' genotype with yellow flower accumulated a large amount of tetrahydroxychalcone. This genotype is deficient in chalcone-flavanone isomerase, whereas the dominant wild type allele with this enzyme could synthesize the higher oxidized flavonols and anthocyanins. This finding also indicates that 1) in the flavonoid biosynthesis the first product with C15 skeleton should be chalcones and not flavanones and 2) in the dominant genotype , common flavones, flavonols, and anthocyanins could be synthesized from this intermediate flavanone.
In cyclamen Seyffert (10) found a large amount of flavonols in the creamish flowered cultivars, and Van Bragt (12) suggested the possibility for the breeding of yellow-flowered cyclamen with the production of yellow flavonol glycosides, although he had not yet succeeded in the realization of true yellow-flowered cyclamen in his line of breeding. In our experiment, however, we discovered the occurrence of a chalcone which is, along with aurone, one of the most intensive agents for yellow flower color among various flavonoids.
Although in the plant kingdom the carotenoids are the major yellow pigments, both in color intensity and distribution, in some species, flavonoids contribute to the yellow flower colors. In this context, Harborne (4) gave a special emphasis on the production of the following flavonoids, namely the production of anthocolor pigments (chalcones and aurones), flavonols with unusual hydroxylation (e.g., 8-hydroxyquercetin and 6-hydroxyquercetin), glycosylation (e.g., quercetin 7-and 4'-glucoside), and methylation (e.g., quercetin 3'methyl ether and myricetin dimethyl ether); and anthocyanins with unusual hydroxylation (3-deoxyanthocyanin).
Instead of higher oxidized flavonols and anthocyanins, our yellow-flowered mutant cyclamen accumulated a large amount of chalcone similar to the recessive mutant of Callistephus chinensis. However, the mutant cyclamen has a weak genetical leakage, that of synthesizing trace amounts of flavonols. We are currently investigating the mode of inheritance of the yellow pigment and the pathway of chalcone biosynthesis in this mutant to better understand how this pigment is produced and transmitted to its progenies. Simultaneously, we hope to create new cyclamen cultivars with deep yellow flowers. 
